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Anchorless electrostatically activated micro electromechanical system switch 



(57) A micro electromechanical system (MEMS) 
switch (10) Includes a substrate (12) and a stress free 
beam (14) disposed above the substrate (12). The 
stress free beam (14) is provided within first and second 
platforms (1 6, 1 B) to limit displacement of the stress free 
beam (1 4) in directions that are not substantially parallel 



to the substrate (1 2). A set of one or more control pads 
(20) Is disposed In a vicinity of a first lengthwise side 
(22) of the stress free beam (14) for creating a potential 
on the fir3t lengthwise side (22) of the stress free beam 
(14). The stress tree beam (14) Is dlsplaceable in direc- 
tions substantially parallel to the substrate (12) In ac- 
cordance with the potential for providing a signal path. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to s 
switches and, more specifically, to swltohes implement- 
ed by Mloro Electromechanical System (MEMS) tech- 
nology. 

BACKGROUND 10 

[0002] Micro Electromechanical System (MEMS) 
switches are widely used In RF communication systems 
such as, for example, phased array antennas, phase 
shifters, swltcheble tuning elements, and radar sensors, 
Generally, MEMS switches have features such as low 
Insertion loss, low power consumption, low cost, small 
size, wide bandwidth operation, long lifetimes and fast 
switching speeds not found in conventional solid state 
switches (e.g., FETs or PIN diodes). Specifically, a high 20 
quality MEMS switch should Ideally have as many of the 
following features as possible: low aotlvatlon voltage, 
high switching speed, long operation lifetime, good Iso- 
lation from the output signal during an OFF state, low 
contact resistance and high contact force between the & s 
contact electrodes during an ON state, little or no stlction 
problems at the contact area for easy separation, low 
power consumption during the switching between differ- 
ent states, little or no power consumption to maintain 
the switch at a certain state, low cost, ease of fabrica- 90 
tlon, and ease of switch Integration with other coplanar 
oiroultry components. 

[0003] MEMS switches can be classified Into several 
major categories based on actuation methods Including 
electrostatic, electromagnetic, or electrothermal switch- 
es. Conventional MEMS switches that fall into one of 
these categories exhibit some of the above mentioned 
high quality MEMS switch features. However, none of 
the conventional switches exhibit all of the above fea- 
tures. 

[0004] Further, with respect to electrostatic swltohes, 
these switches have the distinct advantage of zero pow- 
er consumption when toggled or maintained at a given 
state. However, electrostatic switches also have several 
disadvantages such as alow switching speed (on the or- 
der of u.seo to msec), relatively high actuation voltage 
(10-80 V), stlctlon problems when the contact elec- 
trodes are welded together upon physical contact, rela- 
tively short lifetimes (100 million cycles for cold switch- 
ing), and Instability problems due to thermal and fabri- 
cation related stresses. 

[0005] Accordingly, an object of the present invention 
(8 to provide an electrostatic MEMS swlLch that exhibits 
all of the above mentioned Ideal switch features and that 
le free of the above mentioned disadvantages. 
[0006] It is also an object of the present Invention to 
fabricate such a MEMS switch by a simple process. 
[0007] it is a further object of the present Invention is 



to provide an electrostatic MEMS switch with a config- 
uration that permits multiple throws and multiple poles. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present Invention provides a 
micro electromechanical system (MEMS) switch that in- 
cludes a substrate and a stress free beam disposed 
above the substrate- The stress free beam is provided 
within first and second platforms. The first and second 
platforms are disposed on the substrate and limit dis- 
placement of the stress free beam in directions that are 
not substantially parallel to the substrate. The MEMS 
switch also includes a first set of one or more control 
pads disposed In a vicinity of a first lengthwise side of 
the stress free beam for creating a potential on the first 
lengthwise side, and a second set of one or more control 
pads disposed on the substrate and In the vicinity of a 
second lengthwise side of the stress free beam for cre- 
ating a second potential on the second lengthwise side. 
The stress free beam is displaceable In directions sub- 
stantially parallel to the substrate In accordance with a 
relative potential between the first and second potential 
for providing a signal path. 

[0009] The MEMS switch may alternatively be imple- 
mented to Include a primary stress free beam disposed 
above a substrate for controlling a flow of signals and a 
plurality of secondary stress free beams structurally and 
electrically coupled to the primary stress free beam. 
Each of the plurality of secondary stress free beams Is 
preferably disposed within first, second and third plat- 
forms for limiting beam displacement in directions other 
than substantially parallel to the substrate. Also, each 
of the plurality of secondary stress free beams is dis- 
placeable In the directions substantially parallel to the 
substrate In response to a relative potential to accord- 
ingly displace the primary stress free beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The accompanying figures, where like refer- 
ence numerals refer to Identical or functionally similar 
elements throughout the separate views and which to- 
gether with the detailed description below are Incorpo- 
rated In and form part of the specification, serve to fur- 
ther illustrate various embodiments and to explain vari- 
ous principles and advantages all In accordance with the 
present invention. 

[0011] FIG. 1 Is an Isometric view of an exemplary 
MEMS switch according to a first preferred embodiment. 
[□012] FIG. 2A Is a top plan view of an exemplary 
MEMS 6Wftch also according to the first preferred em- 
bodiment. 

[0013] FIG. 2S Is an exploded view of a portion B of 
the stress free beam according to a modification to the 
first preferred embodiment. 

[0014] FlG.2Cls an exploded view of the portion B of 
the stress free beam according to another modification 
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to the first preferred embodiment. 
[0016] FIG. 3 Is a ©Id© view of the stress free beam 
and platforms otthe exemplary MEMS switch of FIG. 2 
along section line III - 111. 

[0016] FIG. 4 Is an illustration of the Initial charge dis- 
tribution within the MEMS switch of FIG. 2A before the 
stress rree beam establishes good electrical contacts 
with the extended sldewails of the platforms. 
[0017] FIG. 5 Is an Illustration of the equivalent circuit 
of the MEMS switch of FIG. 2A before the stress free 
establishes good electrical contacts with the extended 
sido walls of the platforms. 

[00181 FIG. 6 Is an Illustration of the charge distribu- 
tion within the MEMS switch of FIG. 2A after the stress 
free beam establishes good electrical contacts with the 
extended sldewails of the platforms. 
[O01Q] FIG- 7 Is an Illustration of the equivalent circuit 
of the MEMS switch of FIG. 2A afterthe stress free beam 
establishes good electrical contacts with the extended 
sldewails otthe platforms- 

[0020] FIGS, a A - BC are Illustrations of alternative im- 
plementations of the platforms of the MEMS switches in 
FIG. 1. 

[0021] FIG. 9 Is an Illustration of the activation voltage 
vs. switch resistance achieved by the anchorless MEMS 
switch of FIG 2A without film resistance between the 
contact surfaces, the anchorless MEMS switch of FIG. 
2A with film resistance between the contact surfaces 
and an anchored air bridge MEMS switch. 
[0022] FIGS . 1 0A - 1 0E Illustrate a fabrication process 
for fabricating the MEMS switch shown In FIG, 1- 
[0023] FIG, 11 Is an Isometric view of an exemplary 
MEMS switch according to a second preferred embod- 
iment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Referring now to the drawings in which like nu- 
merals reference tike parts, FIGS. 1 - 2A show an ex- 
emplary MEMS switch 1 0 according to a first preferred 
embodiment. Referring to FIG. 1 . the MEMS switch 10 
Includes a substrate 12 such as, for example. GaAs, 
quartz, or lithium niobate. However, the substrate 12 
may also be transparent depending on the particular ap- 
plication intended for the MEMS switch 10. A beam 14 
(stress free beam) is disposed above the substrate 12 
and Is provided within a first platform 1 6 and a second 
platform 18. The first and second platforms 16, 18 are 
also disposed on the substrate 1 2. The stress free beam 
14 is not anchored to thefiret platform 16 or the second 
platform 18. hence, the beam 14 is stress free and is 
therefore referred to as a 'stress tree beam. 11 
[0026] The stress free beam 1 4 is manufactured from 
a highly oonduotlve material such as, for example, gold 
or tungsten and Is displaceable in directions substan- 
tially parallel to the substrate 12 as represented by the 
arrows Indicative of beam movement. The first and sec- 



ond platforms 16, 1 B are for limiting displacement of the 
stress free beam 14 In directions that are not substan- 
tially parallel to the substrate 12 and for receiving an 
Input signal RF IN such as, for example, an RF signal 
5 from an Input source. The stress free beam 1 4 may also 
inolude beam stoppers 18 for constraining the stress 
free beam 14 within the first and second platforms 16, 
1 8. The beam stoppers 1 9 are optional and may be re- 
placed by extended width portions as shown in FIG. 2A 
10 and discussed later. 

[0026] Referring to FIG. 2A, the MEMS switch 10 also 
includes a first set of one or more electrically conductive 
control pads P1 - P4 (first set of control pads) 20 dis- 
posed In a vicinity of a first lengthwise side 22 of the 
is stress free beam 1 4, and a second set of one or more 
electrically conductive control pads P6 - P8 (second set 
of control pads) 24 disposed in a vicinity of a second 
lengthwise side 26 of the stress free beam 1 4. The first 
set of control pads 20 and the second set of control pads 
so 24 respectively oppose each other. The first set of con- 
trol pads 20 Is for creating a first potential on the first 
lengthwise side 22 of the stress free beam 1 4, while the 
second set of control pads 24 is for creating a second 
potential on the second lengthwise side 26 of the stress 
25 free beam 14. Each of the first set and second set of 
control pads 20, 24 preferably Includes at least two con- 
trol pads as shown In FIG. 1. However, more or fewer 
control pads may be Included. For example, referring to 
FIG. 2A, each of the first and second sets of control pads 
30 20, 24 may Include four control pads. 

[0027] The MEMS switch 10 also Includes a first elec- 
trically conductive output contact pad 28 (dapicted as 
RF1 in FIG. 2A) disposed on the substrate 1 2 and In the 
vicinity of the first lengthwise side 22 of the stress free 
35 beam 1 4 and a second (or another) electrically conduc- 
tive output contact pad 30 (depicted as RF2 In FIG. 2A) 
disposed on the substrate 12 and In the vlolnlty of the 
second lengthwise side 26 of the stress free beam 14. 
[0028] Referring to FIG. 2A, the stress free beam 1 4 
40 preferably has a plurality of extended width portions 31 , 
32, 34 within the first and second platforms 16, 18 and 
between the first and second output contact pads 28, 
30 respectively. The extended width portions 31 , 32, 34 
prevent the stress free beam 1 4 from becoming electri- 
cs cally coupled to (or generally directly oo meeting) the first 
and second sets of control pads 20, 24. However, the 
extended width portions 31, 32, 34 are optional. The 
stress free beam 1 4 may alternatively be prevented from 
contacting the first and second sets of control pads 20, 
ao 24 by disposing the output contact pads 28, 30 and plat- 
form surfaces closer to the stress free beam 14 as 
shown In FIG. 1 • 

[0029] Returning to FIG. 2A, each of the first and sec- 
ond platforms 16, 16 preferably includes an extended 
ss sidewall 36 for restricting the horizontal displacement of 
the stress free beam 1 4 to a specific range. Each of the 
first and second platforms 16, 18 also preferably In- 
cludes a beam latch 36 as shown In FIG. 3. The beam 
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latch 38 is disposed across the top of platforms 16, 18 
and Is for substantially preventing vertical displacement 
of the stress free beam 14. More particularly, the beam 
latch 38 Is used to further prevent the stress free beam 
14 from disconnecting from the first and second plat- 9 
forms 16, 18. However, the first and second platforms 
1 6, 18 need not include the beam latch 38 or the extend- 
ed sldewall 36. For example, referring to FIGS. 8A and 
8C, the first and second platforms 16, 18 may only in- 
clude the extended sldewall 36. Further, referring to FIG* 
8B, the first and second platforms 16, 18 may include 
neither the beam latch 38 nor the extended sidewall 36. 
[0030] Referring back to FIG . 2A, the elements of the 
MEMS switch 1 0 are positioned so that thesurfaces (de- 
picted by C1 and C3) of the first and second platforms 
16, 1 8 and the surface (depicted by C2) of the second 
output contact pad 30 are disposed on the line A1 , and 
the surfaces (depicted by C4 and C6) of the first and 
second platforms 16, 18, and the surface (depicted by 
C5) of the first output contact pad 28 are disposed on 
the line A2. The first and second sets of control pads 20, 
24 are also positioned in such a way that the width of a 
gap W2 defined between the stress free beam 14 and 
one of the first and second control pads 20, 24 is always 
greater than Lhe width of another gap W1 defined be- 
tween the extended width portions 31, 32, 34 of the 
stress free beam 1 4 and one of the first or second output 
contact pads 28, 30. Although not shown in FIG. 2A, the 
corresponding gaps defined between the surfaces of the 
platforms below the center line A (corresponding to sec- 
tion line Ill-Ill) and the surface of the first output contact 
pad 28 have a similar relationship. Further, the width of 
the first output contact pad 28 does not have to be equal 
to the width of the second output contact pad 30. 
[0031] As will be more fully discussed below, a relative 
potential based on a difference between the first poten- 
tial and the second potential causes the stress free 
beam 1 4 to displace laterally (substantially parallel to 
the substrate 1 2) to one of the first or second output con- 
tact pads 28, 30 and maintain contact therewith when 
the relative potential is greater than or equal to a thresh- 
old potential such as, for example, 10 V. The threshold 
potential Is generally determined by the cross-sectional 
area of the stress free beam 14 and the distance be- 
tween the stress free beam 14 and the first and second 
output sets of control pads 20, 24. The stress free beam 
14 subsequently becomes electrically coupled to this 
output contact pad and thereby provides a signal path 
between this output contact pad. the stress free beam 
14 and the first and second platforms 16, 18 when the 
relative potential is created between the first and second 
sets of control pads 20, 24. 

[0032] Operation of the MEMS switch 1 0 of FIGS. 1 - 
2A will be discussed more fully with respect to an exem- 
plary Implementation in which the MEMS switch 1 0 pro- 
vides an RF signal path. The stress free beam 14 Is very 
light weight (on the order of nN) and the adhesion force 
(mainly van der Waal's force) between the stress free 



beam 14 and the first and second platforms 16, 18 Is 
small (less than 1 ujsi). Therefore, the contact force may 
not suffice to establish a significant electrical contact. 
Accordingly, a large resistance R between the stress 
free beam 14 and the input signal (RF IN in FIG. 2A) is 
assumed initially before any voltage Is applied to the first 
and second sets of 6ontrol pads 20, 24. 
[0033] As shown in FIG. 4, Lhe stress free beam 14 
may be at any position within a gap between an upper 
control pad P6 of the second set of control pads 24 and 
a lower control pad P2 of the first set of control pads 20 
before a voltage V is applied to any of the control pads 
20, 24. When the voltage V is applied to the upper con- 
trol pad P6 and the platforms 16, 1 8 are grounded, the 
stress free beam 1 4 is resuttantiy in a floating conductor 
state with a large contact resistance R between the plat- 
forms 1 6, 1 B and the stress free beam 1 4. As shown In 
FIG. 5, the equivalent circuit of the MEMS switch 10 
when the stress free beam 1 4 is In the floating conductor 
state is represented by two capacitors C1 ' and C2 1 con- 
nected in series. Positive oharges Q gather at a surface 
51 of the upper control pad P6 and an equal number of 
negative charges -Q gather at a surface S4 of the lower 
control pad P2. Because the stress free beam 1 4 Is man- 
ufactured of a highly conductive material, jt is a good 
conductor, and therefore a number of negative charges 
induced at the second lengthwise side 26 of the stress 
free beam 14 Is equal to a number of positive charges 
induced at the first lengthwise side 22 of the stress free 
beam 14, and the net charge on the stress free beam 
14 (s accordingly zero. 

[0034] Under an electrostatic condition, no current or 
movement of electric charges may flow Inside the stress 
free beam 1 4. Accordingly, the electric fields tangential 
to the lengthwise sides of the stress free beam 14 are 
all zero. However, there is an eleotrio field E1 between 
the upper control pad P6 and the stress free beam 14 
and normal to the surface S1 of upper control pad PS 
and the second lengthwise side 26 of the stress free 
beam 14. Also, there is a second electric field E2 be- 
tween the stress free beam 14 andthe lower control pad 
P2 and normal to the surface S4 of the control pad P6 
and the first lengthwise 6lde 22 of the stress free beam 
1 4. The fringing effects of the electric fields at the ends 
of the upper and lower control pads P6, P2 are ignored 
for simplicity. Because the upper control pad P6 has a 
length L1 that Is greater than a length L2 of the lower 
control pad P2, the eleotrio field El is resultantly spread 
over a wider area than the electric field E2. Accordingly, 
the electric field E2 Is stronger than the electric field E1 . 
[0035] A flret resultant electrostatic farce F1 equal to 
the total charges Q multiplied by the electric field E1 is 
present on the second lengthwise side 26 of the stress 
free beam 14. A second resultant electrostatic force F2 
equal to the total charges -Q multiplied by the electric 
field E2 is present on the first lengthwise side 22 of the 
stress free beam 14. The first resultant force F1 Is less 
than the second resultant force F2 because the first 
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electric field E1 Is less than the second electric field E2. 
Accordingly, the first resultant force Ft tends to pull the 
stress free beam 14 toward the upper control pad P6 
while the force F2 tends to pull the stress free beam 1 4 
toward the lower control pad P2. However, the net force s 
(F2 - F1) pulls the stress free beam 14 towards lower 
control pad P2, which results in the extended width por- 
tion 31 of the stress free beam 1 4 touching a surface C4 
of the platform 16 to provide a good electrical contact 
between the extended width portion 31 of the stress free 
beam 1 4 and the surface C4 of the first platform 1 6 . De- 
pending on the net force (F2 - F1 ), the electrical contact 
reduces the resistance R to a very small value so that 
the stress free beam 1 4 Is at the same potential as the 
first platform 1 6, Simultaneously, although not shown In 
FIG. 6, the stress free beam 14 also is in contact with a 
surface C6 of the first output contact pad 28 and a sur- 
face Ce of the second platform 1 8. 
[0038] Although not shown In the figures, negative 
charges -O eventually accumulate at the stress free 
beam 14 and the electrostatic force F2 becomes zero, 
The electrostatic force F1 pulis the beam toward the up- 
per control pad P6 until it Is In contact with the surface 
C1 of the first platform 18 as shown In FIG. 6. Because 
the separation between the stress free beam 14 and the 
upper control pad P6 Is very small, the charges at the 
upper control pad P8 and at the stress free beam 14 
increase. The electrto field E1 and hence the electro- 
static force F1 is also strongerthan before the initial con- 
taot. Simultaneously, the stress free beam 14 also is in 
contact with the second output contact pad 30 and the 
surface C3 of the second platform 1 8. The strong elec- 
trostatic force F1 creates good contacts at the upper sur- 
faces C1 , C3 of the first and second platforms 16, 18 
end the second output contact pad 30. A conductive (or 
signal) path is established between the Input signal RF 
IN through the first and second platforms 16. 18 and the 
stress free beam 14 to the second output contact pad 
30. 

[0037] Referring to FIG. 7, the equivalent circuit of the 
signal path Is shown. R1 represents the contact resist- 
ance value at the surface C2 of the second output con- 
tact pad 30, and R2 and R3 represent the contact re- 
sistance values at the surfaces C1 and C3 of the first 
and second platforms 16, 18, respectively. 
[0038] The voltage V may subsequently be applied to 
the lower control pad P2 to switch the MEMS switch 10. 
Electrostatic force resultantly pulls the beam toward the 
lower control pad P2 until the stress free beam 14 Is In 
contact with the surfaoes C4, C6 of the first and second 
platforms 18, 18 and the surface C5 of first output con- 
tact pad 28. Similarly, a conductive (signal) path Is es- 
tablished between the input signal through the first and 
second platforms 16,18 and the stress free beam 1 4 to 
the first output contact pad 28. Accordingly, the two out- 
put pads provide a single pole double throw (SPDT) 
switch. 

[0039] in the above example, the voltage V was ap- 



plied to either control pad P2 orcontrol pad P6. Howev- 
er, the voltage V could have been applied to a different 
control pad of the second set of control pads 24 such as 
control pad P3 or to a different control pad of the first 
set of control pads 20 such as control pad P7. Further, 
the voltage V could have been applied to a plurality or 
all of the first set of central pads 20 or the second set of 
control pads 24. Regardless, the displacement of the 
stress free beam 14 depends on the relative potential 
or electrostatic force between opposing control pads. 
[0040] While described above as a switch for an RF 
signal path, the MEMS switch 10 may also be utilized 
as an optical switch for blocking or permitting light trans- 
mission to thereby provide a light signal path. The sub- 
strate 12 is preferably transparent for this particular ap- 
plication. More particularly, when the stress free beam 
14 Is In contact with, for example, the second output con- 
tact pad 30, a light signal can bo transmitted through the 
gap between the stress free beam 14 and the first output 
contact pad 28. This corresponds to the ON state. When 
the stress free beam 1 4 is in contact with the first output 
contact pad 28 the original gap disappears and total 
blockage of the lightsignal Is possible. This corresponds 
to an OFF state. 

[0041] The MEMS switch 10 may also be modified to 
provide an optical switch for redirecting electromagnetic 
radiation such as a light or a laser according to first and 
second modifications discussed below. In a first modifi- 
cation to the MEMS switch 10, the stress free beam 14 
includes a light reflecting layer 39 on its top surface as 
shown In FIG. 2B. However, the stress free beam 14 
may alternatively include the light reflecting layer 39 on 
its bottom surface or both the top and bottom surfaces. 
Further, the light reflecting layer 39 does not necessarily 
cover the whole surface of the stress free beam 14. 
Rather, the light reflecting layer 39 may be broken into 
multiple sections on the surface. If the substrate 12 is 
transparent as mentioned above, the stress free beam 
14 operates generally to permit a light signal to be trans- 
mitted through the substrate 12 when the stress free 
beam is in contact with the first output contact pad 28 
or the second output contact pad 30, If the substrate 1 2 
is absorbent, the light signal Is absorbed by the sub- 
strate when the stress free beam Is In contact with the 
first output contact pad 2B or the second output contact 
pad 30. The light reflective layer 39 of the stress free 
beam 14 reflects the light signal when the stress free 
beam 1 4 is In contact with the other of the first output 
contact pad 28 orthe second output contact pad 30. This 
operation is similar to the optical switch discussed 
above for blocking or permitting light transmission ex- 
cept that in this first modification the light reflective layer 
39 of the stress free beam 14 reflects the light signal 
wnen It Is in the off state rather than merely blocking the 
light signal. 

[0042] In a second modification, the MEMS switch 1 0 
provides a light signal path that Is angularly displaced. 
Referring to FIG. 2C, the MEMS switch 10 Is modified 
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to include a light reflecting mirror 40 on e top surface of 
the stress free beam 14. The light reflecting mirror 40 
may be single or double-elded, Tho stress free beam 1 4 
is angularly dlsplaceable In accordance with the relative 
potential when the relative potential Is between non-op- 
posing control pads to displace a light signal In accord- 
ance with the angular displacement of the stress free 
beam. The stress free beam 14 Is further laterally dls- 
placeable In accordance with the relative potential when 
the relative potential is between opposing control pads 
to displace the light signal perpendicularly to the stress 
free beam 14. More particularly, the stress free beam 1 4 
can be displaced parallel to the center line A (corre- 
sponding to section line Ill-Ill shown in FIG. 2A) or ro- 
tated around the vertical axis 2 (shown in FIG. 2C) de- 
pending on the activation voltage applied to the first and 
second sets of control pads 20, 24. 
[0043] For example, when all of the control pads of 
the seoond set of control pads 24 are al the same volt- 
age potential and the control pads of the first set of con- 
tra I pads 20 are at ground potential , the stress free beam 
1 4 beam Is displaced parallel to the center line A (cor- 
responding to section line Ill-Ill). The light signal is re- 
8ultHntly redirected If It Intercepts the light reflecting mir- 
ror 40 when the stress free beam 14 Is In oontact with 
one of the output contact pads 28, 30. No redirection 
occurs If the stress free beam 14 Is in contact with the 
other of the output contact pads 28, 30. If control pads 
P1 , P2. P6 and PB are at the 6ame voltage potential, the 
beam rotates around the vertical axis Z and the light sig- 
nal Is resurtantly reflected at different angles from the 
light reflecting mirror 40 depending on the rotation of the 
stress free beam 14. In the second modification, each 
of the first set and second set of control pads 20, 24 
includes at least two control pads. Also, multiple light 
reflecting mirrors similar to the light reflecting mirror 40 
may be Included on the stress free beam 14. 
[0044] FIG. 9 shows a comparison of activation volt- 
age vs. switch resistance achieved by the MEMS switch 
1 0 with activation voltage vs. switch resistance achieved 
by a conventional anchor bridge switch. Both switches 
have similar layouts and are formed from similar mate- 
rials wllh the same surface resistivity. The curve for the 
MEMS switch 1 0 was obtained from data simulated us- 
ing custom designed electromechanical software while 
the anchored airbridge curve was derived using actual 
data. As shown from this curve, the activation voltage 
V2 required for the switch to have contact is much lower 
for the MEMS switch 10 than the activation voltage V3 
of the anchored air bridge. Further. If the surface film 
resistance is ignored, amuoh smallercontact resistance 
(from the third curve) can be achieved using the MEMS 
switch 10 at a much lower activation voltage V1 . 
[0045] Referring to FIGS. 10A - 10E. an exemplary 
meihod of fabrication of the MEMS switch 10 will be dis- 
cussed. As shown in FIG. 1 0A. initially ©first level metal 
42 Is deposited on the substrate 12 using a first mask 
(not shown). As shown in FIG. 10B. contact and eleo- 



trode metal 44 Is deposited on the first level metal 42 
using a second mask (not shown). As shown In FIG. 
10C, a first sacrificial layer 46 and the conductive ma- 
terial 48 for forming the stress-free beam 1 4 are depos- 

3 ited by using a third mask. As shown in FIG. 1 0D, a sec- 
ond sacrlflolal layer 50 and material for the latch 52 are 
deposited by using fourth and fifth masks (not shown). 
Finally, as shown in FIG. 1 0E, the first and second sac- 
rifbial layers 46, 60 are removed to produce the MEMS 

10 switch 10. Fabrication of the MEMS switch 10 Is sub- 
stantially equal In complexity to an industrial lC fabrica- 
tion process. Further, the flexibility in substrate selection 
allows the MEMS switch 10 to be Integrated relatively 
easily with the rest of the IC, The fabrication process 

is also Includes fewer fabrication steps than the number 
required to fabricate the vertically moving M EMS switch. 
[0046] Referring to FIG. 11. a MEMS switch 10' ac- 
cording to a second embodiment will be discussed in 
which similar parts of the MEMS switch 10 of the first 

20 embodiment have the same reference numerals. The 
MEMS switch 10' includes a primary stress free beam 
64 disposed above a substrate 12* for controlling signal 
flow. The primary 6tress free beam 54 Is dlsplaceable in 
directions substantially parallel to the substrate 12' to 

25 selectively make and break electrical contact with first 
and second output contact pads 2B'. 30' disposed on the 
substrate 12\ The primary stress free beam 54 prefer- 
ably has a frame structure. The MEMS switch 10' also 
includes a plurality of secondary stress free beams 14' 

so structurally and electrically coupled to the primary stress 
free beam 64. Each of the plurality of secondary stress 
free beams 14' Is disposed within first, second and third 
platforms 16\ 18', 19' for limiting displacement of the 
each of the plurality of secondary stress free beams 1 4' 

35 in directions other than substantially parallel to the sub- 
strate 1 2* and Is disposed between first and second sets 
of control pads 20\ 24* on tho substrate 12'. The first 
and second sets of control pads 20*. 24* are for providing 
the relative potential. The first, second and third plat- 

40 forms 1 6\ 1 8\ 1 9' are electrically connected (not shown 
for 10* for purpose of ease of Illustration) to each other 
to reduce overall switch contact resistance. 
[00471 Each of the plurality of secondary stress free 
beams 14* Is responsive to a relative potential to make 

45 and break electrical contact with the aidewalls of first, 
second and third platforms 1 6\ 1 8\ 1 9 1 disposed on the 
substrate 12' according to the relative potential. The 
third platforms 19' and the first and second platforms 
1 6\ 1 8" prevent each of the secondary stress free beams 

so 14' from contacting Its respective control pads 20\ 24'. 
More particularly, If each of the plurality of secondary 
stress free beams 1 4' is identical to the stress free beam 
14 of the first embodiment, the extended width portions 
(not shown) prevent the secondary stress free beams 
14' from contacting their respective control pads. 
[0048] Also, the first and second output contact pads 
28\ 30' as well as the primary stress free beam 54 may 
be eliminated by assembling a plurality of the switches 
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shown In FIG. 1 1n series. In such an arrangement, each 
stress free beam 14 has output oontaot pads 28, 30 as 
shown In FIG. 1 . Generally, the above embodiment of a 
switch with multiple beams provides a switch anray of m 
x n Individual switches that can be electrically connected 
to each other In parallel or in series. The stress free 
beams 1 4 of all the switches 1 0 In the same row oan be 
combined as one single stress free beam similar to the 
secondary stress free beam 1 4* in switch 1 0' In FIG. 11 . 
A multiple pole multiple throw MEMS switch can be con- 
figured using a combination of two or more MEMS 
switches (10 or 10'). 

[0049] In operation, one of the plurality of secondary 
stress free beams 14' may receive an Input signal such 
as an RF signal via Its first, second and third platforms 
16\ 1B\ 19' similar to the manner by which the stress 
free beam 14 received an input signal via Its platforms 
18, 18 as discussed above with respect to FIG. 2A. Be- 
cause all of the plurality of secondary stress free beams 
14' are electrically coupled to the primary stress free 
beam 64. the signal Is transmitted from the secondary 
stress free beam 1 4' to the primary stress free beam 54. 
A voltage Is applied by, for example, the second set of 
control pads 24' of each of the secondary stress free 
beams 1 4* to displace them towards the sldewalls of the 
first, second and third platforms 16', 18', 19'. Because 
the plurality of secondary stress free beams 14' are 
structurally and electrically coupled to theprlmary stress 
free beam 54. the displacement of the plurality of sec- 
ondary 6tress free beams 14* accordingly displaces the 
primary stress free beam 64 until it contacts the second 
output contact pad 28' and the sldewalls of the first, sec- 
ond and third platforms 16', 18', 19' simultaneously. 
[0050] Thus, a signal path Is provided between the 
secondary stress f ree beams 1 4*, the primary stress free 
beam 54 and the output contact pad 28'. Because the 
primary stress free beam 64 Is displaced by the com- 
bined displacement of the secondary stress free beams 
14\ more contact force Is accumulated by the primary 
stress free beam 54 for the same activation voltage and 
lateral displacement as the MEMS switch 10. Further, a 
lower activation voltage is required to activate MEMS 
switch 10' for the same oontaot force and lateral dis- 
placement as the MEMS switch 10. Also, more lateral 
displacement can be achieved In MEMS switch 10' for 
the earns contact force and activation voltage as the 
MEMS switch 10. Generally, the MEMS switch 10' per- 
mits greater design flexibility as discussed later 
[0051] In summary, the MEMS switch 10 includes an 
anohorless stress free beam 14 that is freely displace- 
able In lateral directions. This anchorless stress free 
beam 1 4 achieves numerous advantages In comparison 
to conventional anchored beam structures. 
[0052] Specif ioally, there is substantially no stress In 
the stress free beam 14 during operation and fabrication 
because It is freely moving. Further, there is substantial- 
ly no metal fatigue and eventual plastic deformation re- 
sulting from repeated bending as In anchored switch 



structures. The reduced metal fatigue, plastic deforma- 
tion, operational stress and fabrication stress result In a 
switch structure that Is more reliable and longer lasting 
than the conventional anchored switches. 

a [0053] The MEMS switch 10 has zero power con- 
sumption while switching and maintaining the stress 
tree beam 14 in certain positions as well as a low acti- 
vation voltage because the electrostatic force Is only re- 
quired to overcome the negligible adhesion forces attwo 

io ends of the stress free beam 14 and the air resistance 
in moving the stress free beam 14. 
[0054] A large contact force maintains the stress free 
beam 1 4 at certain positions because most of the elec- 
trostatic force is used for oontaot rather than for bending 

19 or deflecting a structure with fixed anchors. The large 
contact force also guarantees large contact areas and 
accordingly reduces the contact resistances. As a result 
of small contact resistances, larger current can pass 
through the contact without excessively heating up and 

20 hence destroying the contact regions. 

[0055] Further, the MEMS switch 10 may achieve a 
switching time In the order of sub usee because the 
gravitational force of the stress free beam (nN) Is negli- 
gible In comparison with the eiectrostatlo force (tens to 

2s hundreds of u,N). 

[Q056] The MEMS switch 1 0 also permits greater de- 
sign flexibility. More particularly, a wide range of mate- 
rials and beam shapes can be used for the beam with 
different surface hardness and beam rigidities for 

so achieving the optimum design for different applications. 
Conventional anchored beam structures are limited to 
certain materials and beam shapes because of the 
bending requirement. Further, proper selection of beam 
material and surface hardness can minimize stictlon 

35 problems during contact. The opposing voltages pro- 
vide separation force to separate the oontaot In case of 
stiotion. 

[0057] The MEMS switch 10 does not require a beam 
with elongated geometry for providing bending flexibility. 
40 Therefore, a very compact switch la possible, and the 
switch layout design Is more flexible to optimize the RF 
performance and Improve Isolation when the MEMS 
switch 10 Is in the OFF state. 

[0058] The MEMS switch 10' offers further unique ad- 
vantages. The switch contact force can be Increased by 
Increasing the array size of switch 10' for the same 
amount of lateral displacement and activation voltage to 
achieve low contact resistance and high power han- 
dling. The beam lateral displacement can be increased 

so by Increasing the array size of switch 1 0' for the same 
amount of contact force and activation voltage to 
achieve more input and output separation and hence 
more RF signal Isolation between the Input and output. 
The switch activation voltage may also be reduced by 

ss increasing the array size of switch 10' for the same 
amount of contact force and lateral displacement to 
thereby offer wider commercial application Insertion op- 
portunities. The switch 1 o' has even more design flexl- 
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blllty In optimizing the contact materia! for a wider range 
of contact forces. The plurality of secondary stress free 
beams 14' of the switch 10' provide an accumulated 
force that serves as a self repair mechanism for elimi- 
nating miction problems between one or more of the 
secondary stress free beams 14* and a contact site at 
the first, second and/or third platforms 16'. 18\ 19'. 
[0059] While the above description is of the preferred 
embodiment of the present invention, it should be ap- 
preciated that the invention may be modified, altered, or 
varied without deviating from the scope and fair mean- 
ing of the following claims. 



Claims 



A micro electromechanical system switch compris- 
ing: 

a substrate; 

a stress free beam disposed above the sub- 
strate and provided within first and second plat- 
forms, the first and second platforms being dis- 
posed on the substrate to limit displacement of 
the stress free beam In directions that are not 
substantially parallel to the substrate; and 
a set of one or more control pads disposed in 
a vicinity of a first lengthwise side of the stress 
free beam, for creating a potential on the first 
lengthwise side of the stress free beam, 

wherein the stress free beam is displaceable 
in directions substantially parallel to the substrate 
in accordance with the potential for providing a sig- 
nal path. 

The micro electromechanical system switch of 
claim 1 , wherein the first and second platforms are 
further tor receiving an Input signal. 

The micro electromeohanloal system switch of 
claim 1, further comprising an output contact pad 
disposed on the substrate and I the vicinity of the 
first lengthwise side of the stress free beam, where- 
in the output contact pad is for becoming electrically 
ooupled to the stress free beam to thereby provide 
the signal path between the output contact pad, the 
stress free beam and Ihe first and second platforms 
when the potential is created by the one or more 
control pads. 

The micro electromechanical system switch of 
claim 3, further comprising; 

another set of one or more control pads dis- 
posed on the substrate and in a vicinity of a sec- 
ond lengthwise side of the stress free beam, for 
creating another potential on the second 



lengthwise side of the stress free beam; and 
another output contact pad disposed on the 
substrate and in the vicinity of the second 
lengthwise side of the stress free beam. 

5 

5. The micro electromechanical system switch or 
claim 4, wherein: 

the set of one or more control pads and the an- 
io other set of one or more control pads are further 

for creating a relative potential between the first 
and second lengthwise sides of the stress free 
beam that Is based on a difference between the 
potential and the another potential; and 
is the stress free beam Is displaced either to the 

output contact pad and maintains contact 
therewith or to the another output contact pad 
and maintains contact therewith when the rela- 
tive potential is greater than or equal to a 
20 threshold potential. 

6. The micro electromechanical system swltoh of 
claim 5, wherein: 

25 the substrate is transparent; and 

the stress free beam Is further for permitting a 
light 6ignal to be transmitted through the sub- 
strate when the stress tree beam Is In contact 
with a first of the output contact pad or the an- 
sa other output contact pad and is for blocking the 
light signal when the stress free beam Is In con- 
tact with a second of the output contact pad or 
the another output contact pad. 

The micro electromechanical system switch of 
claim 5. wherein the stress free beam Includes a 
light reflective layer on a top surface thereof for re- 
flecting a light signal when the stress free beam Is 
in contact with a first of the output contact pad or 
the another contact output pad and for permitting 
the light signal to be absorbed by the substrate 
when the stress free beam Is In contact with a sec- 
ond of the output contact pad or the another output 
contact pad. 

The micro electromechanical system switch of 
claim 5 r wherein: 

the stress free beam Includes a light reflecting 
mirror; 

each of the sat of one or more control pads and 
the another set of one or more control pads 
comprises at least two control pads, the at least 
two control pads of the set of one or more con- 
55 trol pads respectively oppose the at least two 

control pad6 of the another set of one or more 
control pads; 

the stress free beam is angularly displaceable 
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In accordance with the relative potential when 
the relative potential is between non-opposing 
control pads to displace a light signal In accord- 
ance with the angular displacement of the 
stress free beam; and 

the stress free beam is further laterally dis- 
placeable In accordance with the relative po- 
tential when the relative potential is between 
opposing control pade to displace the light sig- 
nal perpendicularly to the stress free beam. 

9. The micro electromechanical system switch of 
claim 3, wherein the stress free beam comprises ex- 
tended widlh portions within the first and second 
platforms and opposing the output contact pad, re- 
spectively for preventing the stress free beam from 
becoming substantially electrically coupled to the 
set of one or more control pads and the another set 
of one or more control pads. 

10. The micro electromechanical system switch of 
claim i , wherein each of the first and second plat- 
forms comprises an extended sldewaK for restrict- 
ing horizontal displacement of the stress free beam, 

11. The micro electromechanical system switch of 
claim 10, wherein the eaoh of the first and second 
platforms further comprises a beam latch for sub- 
stantially preventing vertical displacement of the 
stress free beam. 

12. The micro electromechanical system switch of 
claim 1, further comprising: 

at least one additional stress free beam sub- 35 
stantlally Identical to the stress free beam; and 
a primary stress fre© beam structurally and 
electrically coupled to the stress free beam and 
the at least one additional stress free beam; 

40 

wherein the primary stress free beam is dis- 
placeable In the directions substantially parallel to 
the substrate for providing the signal path as a result 
of the displacement of the at least one additional 
stress free beam and the stress free beam. 43 



20 



25 



9 



EP 1 489 639 A1 




10 



EP 1 480 639 A1 




11 



EP 1 489 639 A1 




12 



EP 1 489 639 A1 




13 



EP 1 489 639 A1 




SWITCH RESISTANCE (OHM) 



14 



EP 1 489 639 A1 




EP 1 489 639 A1 




16 



EP 1 489 639 A1 




EP 1 489 639 A1 



Europ&sn Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 
EP 03 02 6904 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cttotion of document wEh Indication, whero apprepHata, 
ol relevant passages ^ _ _ _ ^ _ „ 



Relevant 
to claim 



Classification of the 

APPLfCATWN (lm.CI.7) 



E.X 



WO 2004/046019 A (D AO LAB MICROSYSTEMS S 
; M0NTANYA SILVESTRE J0SEP (ES)) 
3 June 2004 (2004-06-03) 
* abstract; figures * 



US 2003/090350 Al (FENG MILTON ET AL) 
15 May 2003 (2003-05-15) 

* paragraph [00H4] - paragraph [0033]; 
figures 1A-4B * 

US 2002/136485 Al (HUBERT CLAUDE ET AL) 
26 September 2002 (2002-09-26) 

* paragraph [0057] - paragraph [0062]; 
figures 5-6B * 



W0 02/39472 A (RAYTHEON CO) 
16 May 2002 (2002*05-16) 
* page 6, line 15 - page 7, line 
figures 1A-2D * 



1-12 



1-12 



1-12 



1-3 



H01H59/00 
G02B26/Q8 



18; 



US 6 294 847 Bl (DE LOS SANTOS HECTOR J) 
25 September 2001 (2001-09-25) 
* abstract; figures * 



TECHNICAL FIELDS 
SEARCHED Ont.O.7) 



H01H 
602B 



Tha present sen/eh report hes been drawn up far all oJaimo 



Munich 



Da> of oomptorton of the eea/eh 

28 July. 2004 



Findell, L 



CATEGORY OF CITED DOCUMENTS 

X ; po/tftmloriy re&vnAt If (nkon tdatyc 
V : pajtioulotty raJovo/rt if combined Wlih Another 
daoument of tha name rata gory 

A : tenhAflfegtafil bAofcgreund 
O ; non^rioon efrolnaurc 
P: 



T ; ttlonry or principle undnrfying xhm IftvnnSon 
S ; cmrilw P*Wt documant, bufcpubQahnd on, or 

O : document oftsd In Bio oppGoalrcn 
L : daoumont otto d -for other reuann 

4 • rncrnb«r Qf tr» o/unfi p ate nt family, corresponding 



18 



EP 1 489 639 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 03 02 6904 



This onnOK lists the patent family members relating to the patent documents cited In the above-mentioned European search report. 
The member* ore tw contained In the European Patent O Hiw EDPfifaon 

Tho Europoon Potent Offioa Tb In no way HaWe for thee© particulars which are morely grveh tor the purpose of infnrmaban. 

28-07-2004 



Patent document 
cj ted in eoanah report 



Publication 
date 



Patent family 
members) 



Publication 
dato 



WO 2004046019 A 



03-06-2004 



ES 1053621 Ul 

WO 2004946019 Al 
W0 2Q04O468O7 Al 



01-05-2003 
03-06-2004 
03-06-2004 



US 2003090350 


Al 


15-05-2003 


HONE 






US 200213648S 


Al 


26-09-2002 


NONE 






WO 0239472 


A 


16-05-2002 


US 


6567021 Bl 


01-07-2003 








AU 


2872102 A 


21-05-2082 








EP 


1334501 Al 


13-08-2003 








OP 


2004513496 t 


30-04-2004 








WO 


0239472 Al 


16-05-2002 


US 6294847 


Bl 


25-09-2001 


NONE 







£ For more doulb About this annex : see Official Journal of the European Patent Offrce, No. 12/92 



19 



